A significant relationship has been reported in which Ki-67/MIB-1 expression is correlated with survival in cervical cancer patients. However, the prognostic value of Ki-67/MIB-1 in cervical cancer is still not well understood.
Background
Cervical cancer is the fourth most common cancer after breast, colorectal, and lung cancer in women. According to GLOBOCAN 2012 statistics, there were an estimated 266,000 deaths from cervical cancer worldwide in 2012, accounting for 7.5% of all female cancer deaths. In Europe, a total of 58,373 new cases of cervical cancer and 24,385 deaths were reported in 2012. The overall incidence rate of cervical cancer in Europe is 10.6 per 100,000 [1] . Surgery combined with chemotherapy and radiotherapy is the main treatment of cervical cancer. However, the long-term prognosis of cervical cancer is still poor, with expected 5-year survival rate less than 10% [2] .
Cervical cancer remains a major health problem in women worldwide. Even with the best currently available therapies, a significant proportion of patients will experience metastasis or recurrence, and eventually death. The prognosis of these patients is unsatisfactory. More effective methods and technology to diagnose and treat cervical cancer are needed to prolong the life of patients and increase the survival rate. In some studies, FIGO stage, lymph node status, and pathological features of primary tumor, such as tumor size, depth of cervical invasion, histological type, lymph-vascular space invasion, diffusion to the uterine body, and parametrical tissue involvement were thought to be relevant to the prognosis of cervical cancer. However, the status of tumor proliferation, such as the expression of Ki-67, has become another factor to identify in the prognosis of cervical cancer.
Ki-67, a protein in the nuclei of growing cells and expresses -in the G1, S, G2 and M phases of the cell cycle, is associated with cellular proliferation. Ki-67 antigen can react with its monoclonal antibodyMIB-1, [3] . Ki-67/MIB-1 is known as predictive factor for tumor development and its expression shows a correlation with poor prognosis in several types of cancer, such as breast cancer [4] and non-small-cell lung carcinoma [5] . In a meta-analysis, Ki-67/MIB-1 holds the potential as a predictor of outcome in early breast cancer [4] . Kritpracha et al. [6] reported that high level of MIB-1 staining above the cut-off point of 7.6% indicated significantly poorer survival in ovarian cancer. However, the role of Ki-67/MIB-1 in the prognosis of cervical cancer is still controversial. Vasilescu et al. [7] confirmed that Ki-67 showed correlation with cancer progression and Ki-67 could be useful to identify those patients who required more aggressive treatment in clinical practice. In contrast, Van de Putte et al. [8] reported that the increased labeling of Ki-67 was not associated with poor outcomes in stage I cervical carcinoma patients.
Because the clinical value of this proliferation marker for prognostication of cervical cancer is still uncertain, we sought to investigate the impact of Ki-67/MIB-1 on overall survival (OS) and/or disease-free survival (DFS) in cervical cancer by performing this meta-analysis study.
Material and Methods

Publication selection and eligibility criteria
In this meta-analysis, we selected studies that appraised the association between Ki-67/MIB-1 and prognosis in cervical cancer, which were published until 7 th , October 2014. The studies were established in PubMed, ISI Web of Science, EMBASE, Cochrane Central Register of Controlled Trials, ScienceDirect, and Wiley Online Library, using the following keywords: cervical cancer, Ki-67, MIB-1, proliferative marker, proliferative index, prognosis, survival. Criteria used to determine study eligibility were as follows: 1) the studies must be published in English and is a full essay, 2) inclusion of patients with primary cervical cancer, 3) investigation of the correlation between Ki-67/MIB-1 expression and the prognosis of cervical cancer, 4) prospective or retrospective cohort design with a clearly defined source population and justifications for all excluded eligible cases, 5) hazard ratios (HR) and 95% CI for OS or DFS were provided or could be calculated from the sufficient data, 6) when the same or similar samples of patients were investigated in several publications, the latest and most complete study was selected to avoid duplication.
The 4 researchers independently read the title and abstract of identified studies, and subsequently excluded the irrelevant ones. Then, the full texts of selected studies were scrutinized. After comprehensive evaluation according to the inclusion criteria, the 4 researchers determined whether the studies were to be included. If disagreements occurred in the eligibility of studies, the researchers would conduct a discussion or resort to the fifth researcher until a consensus was eventually reached.
Data extraction
The information of publications was carefully extracted by the 4 authors. The data collected were described as: year published, first author's name, number of patients, antibody detecting Ki-67/MIB-1, defined cut-off values, follow-up period, and data provided for us to evaluate the relationship between the expression of Ki-67/MIB-1 and OS and/or DFS. The minimal duration of median follow-up and the minimal number of patients were not defined in the included studies for this meta-analysis. The following exclusion criteria were implemented in all studies: (1) reviews, case reports, conference papers, letters, expertise public opinion, zoopery, and non-English essays were excluded; (2) non-cervical cancer-related studies and studies without information on ki-67/MIB1 impact on survival or studies in which the HR of survival could not calculated from the given information were excluded;(3) articles with duplicated data from the same or similar population or articles with data that could not be extracted were excluded.
Statistical methods
The expression of Ki-67/MIB-1 was divided into a negative and a positive group depending on the cut-off points given in the articles by the authors. To quantitatively aggregate the survival results, HRs was used to valuate the effect of the expression of Ki-67/MIB-1 on survival. The relationship of Ki-67/ MIB-1 expression and patient prognosis was estimated by using the HRs and their 95% confidence intervals (CIs). In every study, the HR was evaluated with a method based on the outcome provided in the initial publication. We used 2 of the following parameters to recover the estimated HR value and its variance: the log-rank statistic or its P-value, the HR value estimate, and the O-E statistic or its variance. This method is known to be the most accurate in HR retrieval. If these parameters were not provided in the published articles, we searched for the case of patients exposed to the risk in each group, the log-rank statistic or the P-value, and the whole number of the events, which allowed us to calculate an approximation of the HRs. Furthermore, if the only exploitable survival data were in the form of figures (for example, the Kaplan-Meier curves), we read the curves by using Engauge Digitizer version 4.1 to extracted survival-relative data at stipulated time points and then filled-in the HR calculations spreadsheet with the extracted data to reconstruct the HRs and its standard error (SE) [9] . This spreadsheet was crucial to the estimation of HRs from published summary statistics or data extracted from KaplanMeier curves.
Four persons analyzed the survival curves independently to reduce the inaccuracy of the analyzing variations. If the authors described survival of more than 2 groups (for instance, the author utilized several cut-off values to divide the patients into different groups according to the percentage of Ki-67/MIB protein expression in the nucleus), we combined the data of some groups so that we could make a comparison between the 2 groups. For each study, the OS and/or DFS were analyzed. Whenever possible, HRs for subgroups was calculated, such as ethnicity (Africans, Europeans, or Asians) and various treatments (surgery and RT). We verified the results from the original publication at least 3 times to assure the conformance, in particular when the survival rate calculations were based on the survival curves.
All the data analyses were performed with Stata version 11.0 software. We combined the individual HRs estimated into an overall HR with the method reported by Yusuf S et al. [10] . We used Q-tests and P-values to estimate the heterogeneity. A P-value greater than 0.05 indicated that no heterogeneity was found among the studies, implying that a fixed-effects model was used to calculate the HR and its 95% CI according to the method of Mantel and Haenszel [11] . If the Q-tests implied that there was heterogeneity between the studies, we used a random-effects model instead of a fixed-effects model. According to the convention, an observed HR>1 indicated that the positive expression group of Ki-67/MIB-1 has a worse survival compare to the negative group. The result of Ki-67/MIB-1 impact on survival would have statistical significance if the 95% CI of the overall HR did not overlap 1. Possible source of heterogeneity was investigated by subgroup analysis. We carried out a subgroup analysis in accordance with the ethnicity This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License and treatment of patients. Begg's funnel plot was used to estimate the publication biases. A P value >0.05 indicated that no publication biases was found.
We performed the calculations of all the statistics for our meta-analysis with individual computing.
Results
Literature search and characteristics of the included studies Figure 1 shows the flow diagram of studies included in our meta-analysis. Eighteen studies published between 1993 and 2014, including 1344 patients, were identified in this metaanalysis [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Tables 1 and 2 present the main information of the studies. The population of patients in each study varied from 30 to 180 cases and the follow-up time ranged from 13 months to 222 months (mean). Anti Ki-67 and MIB-1 were applied to detect the Ki-67 expression. Out of 13 studies for OS, subgroup analyses were possible in all of the 13 studies with ethnicity and treatment. In the analysis of DFS, 7 studies were estimated for aggregation results; the 7 studies were used for ethnic subgroup analysis and another subgroup analysis was in 6 studies with treatment that the patients received.
Meta-analysis Figure 2 shows the meta-analysis results of OS. Thirteen studies used immunohistochemistry (IHC) for OS, the pooled random HR was 1.63 (95% CI 
Sensitivity analyses
Sensitivity analyses were performed to evaluate the meta-results stability. For OS and DFS, the results indicated that random-effects estimate before and after the deletion studies were similar, suggesting stability of the meta-analysis.
Publication bias
Publication bias statistics were determined by using Begg's test. No publication biases were found in 13 OS studies (P=0.907) (Figure 4 ), but significant difference was found in 7 studies on DFS (P=0.014) ( Figure 5 ).
Discussion
Ki-67/MIB-1 plays an important role as a tumor marker in cancers due to its close correlation with cell proliferation. It was reported that overexpression of Ki-67/MIB-1 had significant association with poor prognosis in cervical cancer [14, [18] [19] [20] 23, [25] [26] [27] [28] [29] [30] . In this meta-analysis, our results confirm that an increase of Ki-67/MIB-1 expression was closely correlated with the prognosis of cervical cancer, demonstrating that it might be used as a potential predictor of prognosis in cervical cancer. HR -hazard ratio; CI -confidence interval; N+ -node-positive; NR -not reported; + -positive; '-' -negative; y -years; PI -proliferation index; PMI -mitotic index of proliferating cell population. It is well known that the development of cervical cancer is a multistep process, based directly or indirectly on cell proliferation. Ki-67/MIB-1 protein is a cellular marker for proliferation, which can be detected within the cell nucleus with monoclonal antibody MIB-1 and can act as a predictive factor for tumor development. Ki-67 is present during all active phases of the cell cycle (G1, S, G2, and mitosis), but is absent from resting cells (G0). Assessment of Ki-67 protein expression by IHC is a reliable method of evaluating the proliferation of tumor cells. However, the mechanism governing Ki-67 gene expression remains unknown. Tian et al. [31] reported that Sp1 plays a role in transcriptional regulation of the Ki-67 gene. The Ki-67 transcriptional activity was inhibited through down-regulating the Sp1 expression using siRNA-Sp1 and mithramycin, which may be useful for gene therapy. Studies have shown a correlation between Ki67/MIB-1 expression and poor prognosis in several types of cancer, such as ovarian cancer [6] , breast cancer [4] , esophageal squamous cell carcinoma [32] , lung cancer [33] , and carcinoma of the bile duct and gallbladder [34] , which indicated that Ki-67/MIB-1 might be used as a potential predictor for the survival of patients with some cancers. Similarly to the aforementioned cancers, the finding from the available research demonstrates that high expression of Ki-67 can predict poor prognosis in cervical cancer [35] .
According to our analysis results, no publication biases were found in OS studies, but publication biases were found in DFS studies (Figures 1 and 2) . The source of the bias can come from many factors. Here, we discuss the source of bias and some limitations of our meta-analysis. Our meta-analysis is a literature-based study. Therefore, study selection might generate some limitations. We restricted our analysis to studies published as full papers in English; there were several non-English studies that met the eligibility criteria but were excluded due to language. Because of limitations, some of the articles were not included in the current meta-analysis and only the fully published studies were considered. There are still some unpublished personal data or meeting abstracts that are unavailable. We did not extend the search to unpublished studies and abstracts because the data were often only obtained from the full publication studies, as the methodology we used required, which would lead to comprehensive information collection and might influence our results.
In the HR estimates, variation can come from the method we used for extrapolating HR. For certain studies, we obtained HR directly from the original data provided in the study. When no HR was available in a study, we extrapolated survival-relative data from Kaplan-Meier curves and calculated the HRs. Four authors independently analyzed the curves and extrapolated the HR to reduce variability. The estimated HR and its statistical significance were compared with the original results presented in the study. Among our results and the results presented in the study, we are not confirming whether there was any contradiction.
A potential source of bias may come from the techniques we used to detect the expression of Ki-67 /MIB-1. The convenience and high sensitivity of MIB-1 make it the most common and frequently used antibody for use in staining Ki-67 rather than other antibodies in recent studies. In our meta-analysis, the antibody used in IHC to identify Ki-67 protein was not always performed with the same antibody: some studies used anti-MIB-1, some used anti-Ki-67 or MIB-1, and some studies provided no information of antibodies. Two recent studies compared different available Ki-67/MIB-1 equivalent antibodies, showing that the 4 tested Ki-67 equivalent antibodies appeared to make differences in quantitative and qualitative staining feature [36, 37] According to these 2 studies, MIB-1 antibody is the most suitable to detect Ki-67 antigen because it has the highest sensitivity and gives the clearest staining when compared to other available antibodies and the use of varied concentrations of the antibody also has an effect on the staining result. With positive nuclear staining for a common standard, only when the tumor cells stained to a certain extent, Ki-67/MIB-1 expression can be considered to be positive. Therefore, the use of different antibodies and a protocol to count the number of cells stained by the antibody without a received standard may produce alterations among the studies.
The use of different cut-off points for IHC is of great significance. In our meta-analysis, arbitrary and varied cut-off points were used to define cervical cancer with a Ki-67/MIB-1 positive expression by different investigators. Some research took the median values as the cut-off points, while other studies selected the most suitable cut-off values or arbitrary values, which might make it difficult to determine a standard critical value in clinical practice. Altman et al. [38] stated that selection of the cut-off value depending on the minimum P-value approach would lead to seriously biased conclusions. If a preferred cut-off is usually selected arbitrarily, choosing the median value to define the expression levels appears to be a more standardized approach to analysis of prognostic factors, although it may cause some loss of information [38] . In a recent research of breast cancer, Spyratos et al. [39] used 5 different Ki-67/MIB-1 cut-offs to describe the optimal one for classifying tumors with high and low proliferation indexes in therapeutic trials. They found that with a Ki-67/MIB-1 cut-off of 10%, few tumors with low proliferation rate were under the misclassification. In contrast, a Ki-67/MIB-1 cut-off of 25% was more acceptable to identify a highly proliferative tumor. In accordance with the study of Walts et al. [40] , an operating characteristic cure analysis has shown that a Ki-67 index cutoff value of 5% provides the best fit for specificity and sensitivity in predicting overall survival. Therefore, using different Ki-67/MIB1 cut-offs might have an influence on the classification of low and high proliferative tumors. In summary, an appropriate threshold still needs to be determined for Ki-67/MIB-1 to validate for cervical cancer.
Furthermore, we only assessed the univariate prognostic value of Ki-67/MIB-1, which might be another limitation of this meta-analysis. Besides Ki-67/MIB-1 positive expression, other features can also have an effect on the prognosis, including tumor clinical grading, lymph node metastasis, and auxiliary treatment. Hence, we are unable to conclude that Ki-67/ MIB-1 can serve as an independent factor in the prognosis of cervical cancer. A prospective study with a larger number of patients is needed to answer this question.
In spite of these limitations, we can still characterize the role of Ki-67/MIB1 as a prognostic marker in cervical cancer, according to the finding that patients with high Ki-67/MIB1 expression had significantly shorter OS than patients with low expression of Ki-67/MIB1 (P<0.001). If we had the necessary data completely provided in all chosen studies, or if these studies had consulted the recommended REMARK, our literaturebased meta-analysis would better assess the role of Ki-67/ MIB1 in prognosis in cervical cancer. Furthermore, it is necessary that better designed studies need to be enrolled into future meta-analyses to provide a stronger conclusion about the relationship between Ki-67/MIB1 expression and prognosis of patients with cervical cancer. In addition, a simpler, quantitative, and reproducible assay needs to be developed and validated for the detection of Ki-67/MIB1. The value of Ki-67/MIB1 for molecular staging of cervical cancer also needs to be confirmed in controlled trials involving larger numbers of patients with longer follow-up.
Conclusions
The aim of our meta-analysis was to explore the relationship between the expression of Ki-67/MIB-1 and prognosis of cervical cancer. Although there were several limitations, we concluded that Ki-67/MIB-1 had a prognostic value for OS in patients with cervical cancer. To further evaluate the prognostic role of Ki-67/MIB-1 on DFS, studies with larger numbers of patients are needed to validate our findings.
